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SUMMARY 
The growth of seedling green ash, American elm, red oak 
and black locust was studied in relation to nitrogen, phos~ 
phorus and potassium fertilization of four Iowa soils. Fertil-
izers were added to Band C horizon soil materials and growth 
compared with that obtained on unfertilized surface and sub-
soils. The soils employed were the gray-brown podzolic forest 
Lindley and prairie Clarion, Tama and O'Neill. Factors caus-
ing chlorosis on calcareous Clarion C horizon soil were also 
investigated. 
Nitrogen was found deficient for growth of ash, elm and 
oak. Black locust, a legume, did not respond to nitrogen fertil-
ization. As the residual soil nitrogen supply increased, growth 
response decreased in magnitude. On Tama C horizon soil with 
residual total nitrogen at 600 pounds per acre the response of 
American elm to added nitrogen was 600 percent, while on 
O'Neill soil containing 1900 pounds residual nitrogen re-
sponses were small or nil. The evidence suggests that about 
2000 pounds total nitrogen per acre is a level above which 
seedling nitrogen responses could not be expected under aver-
age conditions. 
Phosphorus was found to be consistently and sigrtificantly 
deficient on Lindley soil only. Seedling responses to phos-
phorus were smaller than to nitrogen. On O'Neill a marked 
root growth response occurred with red oak. 
Potassium was not deficient on O'Neill or Clarion soils. 
Severe chlorosis was associated with restricted growth of 
ash, oak and elm on calcareous Clarion C horizon soil. Incon-
clusive evidence pointed to unavailability of iron. 
Several species differences were evident. Black locust re-
sponded only to phosphorus. Red oak showed marked root 
responses to phosphorus, was the only species with ectotrophic 
mycorrhizae, and was least tolerant of high soil pH. Green 
ash was most tolerant of alkaline soil. 
A comparison of greenhouse and outdoor experiments 
using the same species and soil indicated that greenhouse 
experiments will not yield, necessarily, accurate information 
regarding order an.d degree of response to fertilizers applied 
in outdoor experiments or plantings. 
A marked superiority in the growth of red oak and green 
ash on forest Lindley soil, as compared to prairie Clarion and 
Tama, was noted. Soil organic matter and mycorrhizal fac-
tors may explain the superiority of the forest soil. 
Under average eroded-field conditions in Iowa, fertilizer 
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responses of hardwood planting stock will probably be small or 
nil. Exceptions to this statement might be necessary for 
areas completely devoid of surface soil layers and bare of 
weeds or grasses. Phosphorus fertilization for black locust is 
indicated if quick and complete coverage of raw subsoil 
gullies is desired. 
Some Fertilizer Experiments With Deciduous 
Forest Tree Seedlings on 
Several Iowa Soils l 
By A. L. MCCOMB 
Successful nursery practice and the natural and artifi-
cial establishment of trees depends upon it know lege of the 
growth habits and requirements of seedlings, and of the in-
tensity of the growth factors on different forest sites. Soil 
fertility represents an important segment of the growth fac-
tors that has not been extensively investigated for deciduous 
forest species. A considerable literature relating to the nu-
trition of fruit trees exists, but the results are not completely 
useful because the principal criterion has been fruit pro-
duction. The considerable abundance of experimental data 
obtained with conifers do not appear directly applicable to 
hardwoods. 
Establishment of deciduous tree seedlings in Iowa is often 
especially difficult for the following reasons: Climatic con-
ditions at the western edge of the deciduous forest are more 
severe than farther east. Growing seasons are periodically 
cha.racterized by severe drouths. Many of the soils have 
heavy Band C horizons whose unfavorable texture, structure 
and aeration modify the ability of seedlings to grow roots 
and to acquire nutrients and water. A considerable part of 
the tree planting is done on eroded soils. The prairie soils, 
where plantings are often made for windbreaks and for 
erosion control, differ markedly from forest soils in micro-
biology, nature and amount of organic matter and degree of 
saturation with bases and carbonates. Intense grass and weed 
competition found on many sites greatly restricts growth and 
increases mortality. 
The purpose of the experiments described in this bulletin 
was to investigate some common soil fertility factors and to 
explore some aspects of nutrition as these might apply to the 
development and establishment of seedlings of several de-
ciduous forest tree species. The four species used were: black 
locust (Robinia pselldoacacia L.) northern red oak (Qller-
CliS borealis Michx.), green ash (Fraxillwi pennsylvanica 
lanceolala Sarg.) and American elm (Ulmlls americana L.). 
Different horizons of four soil series common to Iowa' were 
used. These were Lindley, a forest soil, and Clarion, Tama 
and O'Neill prairie soils. Most of the experiments were car-
ried out in boxes in an outdoor, snowfence enclosure at the 
1 Project 612 of Iowa ,\gricultural Experiment Station. 
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State Forest Nursery at Ames, but there were also nursery 
bed and field experiments. 
LITERATURE REVIEW 
An extensive literature on the nutrition of conifers (20) 
and fruit trees (50) exists, but the results are only partly 
applicable to Iowa forest hardwoods. The review below is 
not intended to be comprehensive but only indicative of the 
factors important in deciduous tree nutrition. 
In northeastern United States Mitchell and Chandler (31) 
added nitrogenous fertilizers to forested plots and found defin-
ite and reproducible, correlations among soil nitrogen supply, 
concentration of nitrogen in leaves and radial increment. 
Twenty percent of the forest sites studied were nitrogen de-
ficient, 65 percent fair to good and 15 percent excellent. 
Yellow poplar, white ash and basswood made maximum 
growth only on soils with high nitrogen levels, while red, 
white and chestnut oaks, aspen and red maple made good 
growth on nitrogen deficient sites. Beech, sugar maple, pig-
nut hickory and black gum were intermediate. 
Chapman (9) found that yellow poplar on Clermont silt 
loam containing 600 pounds N per acre, responded to nitrogen 
added as ammonium nitrate. However, on acid infertile soils 
of unglaciated southern Ohio, Cummings (13) found that all 
levels of nitrogen, phosphorus and potassium used with dolom-
itic limestone and acid peat resulted in no marked growth in-
crease of shortleaf pine, white ash and yellow poplar seedlings. 
Batjer and Degman (5) obtained best growth of apples 
with 60 and 168 ppm. nitrogen, 4 ppm. phosphorus and 
117 ppm. potassium; with Elberta peach seedlings, best growth 
was obtained with 60-120 ppm. N, 10 ppm. K and 5 ppm. P. 
The rate of absorption of certain ions by citrus and walnut 
seedlings (23) has been found dependent on the kinds and 
concentrations of other ions in the solution. 
Nightingale (34) has reviewed the nitrogen nutrition of 
plants, and deficiency symptoms of apple trees in sand cul-
/tures were studied by Blake, Nightingale and Davidson (6). 
In sand cultures peach and apple trees were found to grow 
best at pH 6.0 with ammonium nitrogen and pH 4.0 with 
nitrate (15, 46). Apple and tomato plants (45) grew better 
at low concentrations of NH4 than with low NOa ; roots im-
mediately assimilated ammonium whereas nitrate had to be 
reduced first. Plants with large carbohydrate reserves as-
similated ammonium more readily than nitrate. Nitrogen 
increased top weight relative to root weight with ash, and 
several conifers (2). 
Apparently only low concentrations of phosphorus are re-
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quired for good hardwood growth. Haas (21) found that 
leaves of citrus in phosphorus deficient sand cultures con-
tained 0.05 to 0.07 percent P, and that citrus could absorb 
enough phosphorus in several days of good supply to last over 
a long period of time. Maximum growth of wheat, corn and 
soybeans in solution cultures required 1 ppm. or less of phos-
phorus (38, 43). Chapman (10) found phosphorus in lemon 
cuttings proportional to external supply. Mitchell and Finn 
(32) found that red maple obtained soil phosphorus more 
easily than red oak and that the concentration of leaf phos-
phorus increased with phosphorus fertilization. Turner (47) 
reported increased root growth following phosphorus fertil-
ization and Sommers (42) stated that capacity to absorb 
phosphorus increased with increasing size of root system. At 
low phosphate concentration, plants with large fibrous root 
systems acquired sufficient phosphorus while plants with small 
root systems did not. 
Potassium deficiencies occur in fruit trees on sandy, worn-
out and high lime soils. Scott (41) reported deficiency symp-
toms and subsequent response to potassium by peach trees in 
a sandhill area of the Southeast, and Gourley (19), in Ohio, 
found leaf scorching and stunting in potassium deficient 
orchards and that excess calcium retarded potassium response. 
High concentrations of potassium have depressed the absorp-
tion of calcium and magnesium in peach trees, resulting in 
calcium deficiency symptoms, while high calcium depressed 
potassium absorption resulting in potassium deficiency symp-
toms (14). 
Micronutrient elements have been reported deficient for 
hardwood tree growth. Camp and Fudge (8) discuss and il-
lustrate deficiency symptoms of Cu, Zn, Mn, Mg, Fe and B in 
Florida orchards. 
Many micronutrient deficiencies are associated with alka-
line soils. Engstrom and Stoeckeler (17) found that high 
concentrations of soluble salts and nutrient unbalance de-
pressing the availability of iron were important causes of poor 
shelterbelt tree growth on alkaline soils. Arnon and others 
(3, 4) showed that between pH 3.0 and 9.0 hydrogen and 
hydroxyl ions did not directly affect plant development, but 
did affect the availability of nutrients. Haas (22) considered 
that some plant roots in alkaline soils can change the pH of 
the soil about them and thus secure adequate nutrition. Chap-
man (11) found with citrus seedlings that calcium carbonate 
reduced the availability of iron from ground magnetite. 
Chlorosis of citrus and windbreak trees has been corrected by 
branch and trunk injection of ferric citrate (33) and chlorosis 
of cottonwood and apple trees on high lime soils by spraying 
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with ferrous sulphate, injecting iron salts or driving iron 
nails into the trees (7) . Application of bulky organic mater-
ials (18) enabled chlorotic trees to obtain iron from calcareous 
soils. Oserkowsky (36) found no differences in the hydrogen 
ion and iron content of normal and chlorotic pear trees, but 
later (37) suggested there is more "active iron" in normal 
pear leaves. Rogers and Shive (40) found that the soluble 
iron content of plant tissues depended upon the pH of the 
tissue. Iron accumulations were found in tissues with high 
pH values. 
Other so-called deficiency diseases of fruit trees and other 
plants have been variously corrected by zinc (44, 25), boron 
(53), copper (16), chromium (48), manganese (26, 48) and 
magnesium (51). 
EXPERIMENTS WITH LINDLEY SOIL 
,The Lindley soils are gray-brown podzolics developed on 
slopes in weathered Kansan or Illinoian till. Erosion is a 
serious problem on 
these soils. Difficulty 
has been encounter-
ed in establishing 
trees on eroded areas 
because the heavy, 
infertile materials of 
the Band C horizons 
bake in the sun and 
wind and are exceed-
i n g I y inhospitable 
sites for young trees. 
The author has al-
ready described re-
sults of two experi-
ments on this soil. 
One greenhouse ex-
periment (29) used 
a sticky, yellowish-
brown clay of pH 4.3 
and 63 per c e n t 
base saturation to 
determine if black 
locust and green ash 
w 0 u I d respond to 
variations of s 0 i 1 
Fig. l. One·year·old American clm grown in acidity, base satu-
greenhouse on Lindley subsoil. Left to right: ratl'on and fertl'}l'ty 
control, PK, NPK. NK and rock phosphate. 
413 
due to added calcium carbonate, nitrogen and phosphorus. 
Large responses to nitrogen and phosphorus were obtained, 
but without an initial application of phosphorus no nitrogen 
response was obtained. Best growth was obtained at pH 4.3 
when nitrogen and phosphorus were added; at pH 7.7 locust 
was chlorotic and stunted, and ash was retarded; 
A second green house experiment (30) utilized Lindley 
soil similar to that described above and containing 19 ppm. 
dilute-acid-soluble phosphorus and 2200 pounds per acre of 
total nitrogen. The results (fig. 1) confirmed the above ob-
servation that in the greenhouse no nitrogen response was 
obtained until an initial phosphorus requirement had been 
met; once phosphorus was adequate a tremendous nitrogen 
response resulted. 
FERTILIZER EXPERIMENTS WITH RED OAK, GREEN ASH 
AND AMERICAN ELM 
The experiments described above were conducted during 
the winter months when days were short and light intensity 
low, although some artificial light was given. The growth 
responses were of greater magnitude than those reported in 
the literature. Additional experiments were carried on in 
cypress boxes in full outdoor sunlight, to test growth responses 
to nitrogen and phosphorus applied to B horizon soil m''lterhl 
in comparison to responses on untreated surface and subsoils. 
The B horizon material used contained 5 ppm. dilute-acid-
soluble phosphorus, 317 pounds per acre of exchangeable po-
tassium, 1570 pounds per acre total nitrogen and had a pH of 
5.2. The Al horizon materials contained 10 ppm. dilute-acid-
soluble phosphorus, 384 pounds exchangeable potassium, 4100 
pounds total nitrogen, and had a pH of 6.2. 
During 1939 growth of red oak and green ash were 
compared on unfertilized surface and subsoil. Treatments 
contained four replicates each of which contained four red oak 
or five green ash plants. A new experiment was set up in 
1940 using red oak, green ash and American elm. The fertil-
izer treatments were: (1) control, (2) phosphorus as mono-
calcium phosphate at the rate of 88 pounds P per acre, (3) 
phosphorus as for 2, plus 60 pounds N per acre as ammonium 
nitrate, and (4) nitrogen as for treatment 3. All treatments 
including the control received potassium sulfate at the rate 
of 112 pounds K per acre and were mulched to prevent baking 
and surface cracking. Both experiments terminated after 
1 year. 
HESULTS 
Tables 1, 2, 3 and 4 contain the results of these experi-
ments and fig. 2 illustrates results of the 1940 experiment. 
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Fig. 2. One-year·old seedlings of red oak (above), green ash (center) and 
American elm (below) on Lindley subsoil, 1940. Left to right: K, PK, NPK 
and NK. 
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TABLE 1. AVERAGJ<J* HEIGHT AND GREEN AND DRY WEIGHT PER 
BOX OF 1-0 GREEN ASH AND RED OAK ON UNTREATED 
LINDLEY SOIL, 1939. 
I Green I Total I Dry weight Soil and (grams) Species horizon weight height (grams) (inches) Top Root Total 
I I 18.2 Greeen ash Lindley A 47.0 33.8 
I 
4.4 13_8 
Lindley B 35.0 31.4 3.2 10.7 13.9 
Red oak Lindley A 69.9 33.3 6.6 27.9 34.5 
Lindley B 43.9 26.5 I 3.7 15.4 19.1 
Difference for significance at 5% point, green ash 7.2 
Difference for significance at 5 % point, red oak 7.4 
• Each average consists of five plants for ash and four plants for oak. 
TABLE 2. AVERAGE HEIGHT AND GREEN AND DRY WEIGHT PER 
BOX' OF 1-0 GREEN ASH ON LINDLEY B HORIZON SOIL 
TREATED WITH DIFFERENT I<'ERTILIZERS. 1940. 
Total I Gl'~en I w~iht I Dry weight Treatment height weight leaves (grams) (inches) (grams) (grams) Top Root Total 
I 
I 
I K 25.9 31.1 I 3.4 4.3 8 .. ~ 12.5 I 
PK 24.2 I 25.0 I 3.1 I 3.6 7.3 _10.9 
NPK 32.6 40.2 I 6.1 
\ 
6.8 12.1 18.9 
I 
NK 32.0 34.8 I 4.6 I 5.8 10.8 16.6 
A' Horizon 34.1 56.7 I 5.6 I 6.9 12.9 19.8 
lJiffel'ence for significance at 5% pOint 5.8 
Difl'f'renee fo;' significance at 1 % point S.3 
• Each box contained three plants. 
TABLE 3. AVERAGE HEIGHT AND GREE:"< AND DRY WEIGHT PER 
BOX· OF 1-0 RED OAK ON LINDLEY B HORIZON SOIL TREATED 
WITH DIFFERENT FERTILIZERS. 1940. 
Tot"l Green Dr~' wgt. of Treatment height weight leaves (Inches) (grams) (grams) 
K 15.6 29.6 4.2 
PK 15.8 34.0 4.9 
NPK 22.3 54.1 8.9 
NK 16.8 43.8 7.3 
A, Horizon 25.6 54.7 10.3 
Difference for significance at 5% point 
Difference for significance at 1 % point 
• Each box contained three plants. 
Top 
2.2 
2.6 
5.6 
4.2 
5.1 
Dry weight (grams) 
Root 
11.4 
11.9 
19.6 
15.4 
17.6 
Total 
13.6 
14.5 
25.2 
19.6 
22.7 
7.3 
10.6 
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TADLE 4. AVERAGE HEIGHT AND GREEN AND DRY WEIGHT PER 
DOX* OF 1-0 A:.I-IERICAN EL;\[ ON LINDLEY B HORIZON SOIL 
TREATED WITH DIFFERENT FERTILIZERS, 1940. 
Total Green 
Treatment height weight (inches) (grams) 
K 28.9 15.3 
PK 26.5 13.3 
NPK 47.9 22.6 
NK 37.6 18.2 
A1 Horizon 46.7 33.0 
Dry 
wgt. of 
leaves (grams) 
2.6 
2.6 
5.4 
4.0 
7.1 
Top 
1.2 
1.2 
4.0 
2.6 
4.3 
Dr~' weight (grams) 
Root Total 
3.1 4.3 
3.7 4.9 
5.4 9.4 
4.2 6.8 
7.8 12.1 
Difference for significance at G % point 2.3 
Difference for significance at 1 % point 3.3 
• Each box contained three plants. 
Treatment and species differences in 1940 were highly signifi-
cant. The data show that both nitrogen and phosphorus 
limited plant growth and indicate that nitrogen was more 
limiting than phosphorus and that phosphorus was more de-
ficient for red oak and American elm than for green ash. On 
the basis of total dry weight of green ash PK depressed 
growth 13 percent over. the control while the NK and NPK 
treatments increased growth 33 and 51 percent, respectively. 
With red oak PK, NK and NPK increased growth 7, 44 and 86 
percent, respectively; with American elm 14, 57 and 119 per-
cent,- respectively. 
FIELD EXPERIMENTS 
During the spring of 1939 four field fertilizer experi-
mental plots were established on eroded fields of Lindley soil 
in Lucas County, Iowa, to test the responses of planted hard-
wood seedlings to nitrogen and phosphorus fertilizers applied 
in both loose and briquetted form. Two black locust plots 
were established and one plot each of green ash and red oak. 
Fertilizer treatments per tree were as follows: 
1. Control. 
2. 37 grams 20 percent superphosphate plus 8 grams of ammonium 
sulfate. 
3. 37 grams 20 percent superphosphate. 
4. Briquette containing 22 grams superphosphate, 43 grams rock 
phosphate, 14 grams ammonium sulfate, 10 grams potassium 
chloride, and 11 grams bentonite. 
5. Briquette containing 43 grams rock phosphate, 46 grams sand 
and 11 grams bentonite. 
6. 43 grams rock phosphate in loose form. 
The loose fertilizers were distributed uniformly in the soil, 
which was replaced in the holes. The briquettes were placed 
in the planting hole at a depth of 6 inches and 1 inch from 
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Fig. 3. Several types of briquettes. some of which were used in the field 
experiments with Lindley soil. 
the main seedling root; The briquette treatments were 
used to make a',preIiminary test of the briquette principle. 
Briquette and lo'ose treatments were not comparable. The 
briquettes were made by molding the moist mixed ingredients 
under a pressure of approximately 1000 pounds per square 
inch (fig. 3). The purpose was to concentrate the fertilizers 
to prevent rapid leachin~ and phosphate fixation. 
Planting was done by the side-hole method in 30-inch con-
tour furrows made with a middle-buster plow. Graded, uni-
form 1-0 or 2-0 stock was planted April 20 and 21. Each 
treatment contained a minimum of 14 plants and was repli-
cated three to five times. The results from the several plots 
are not comparable because the plots were not uniform. 
PLOT DESCRIPTIONS AND RESULTS 
Plot I contained black locust and was on a lower slope 
averaging about 15 percent. The aspect was west. The up-
per half of the slope was eroded down to the B and in spots to 
the upper C horizon and supported a sparse stand of poverty 
grass (Arislida, sp.) and small ragweed (Ambrosia, sp.). The 
lower slope contained some surface soil mixed by plowing with 
the B horizon and graded at the lower end into a deep colluvial 
soil. Superior planting stock, top pruned to 14 to 16 inches 
was planted on a 4 x 6 foot spacing. 
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TABLE 5. RESPONSE OF FIELD PLANTED BLACK LOCUST TO 
FERTILIZER 'l'REATMENTS' ON LINDLEY SOIL. PLOT 1. 
Growth of Total Di,,-meter No. Total shoot 6" above 
Treatment of growth·1939 longest height ground 
trees (inches) shoot·1939 1942 1942 (inches) (feet) (inches) 
Control 76 I 31.8 20.7 12.6 1.6 
Phosphorus plus 
\ nitrogen 74 49.7 26.6 14.0 2.2 
I 
Phosphorus 66 I 47.9 27.0 14.3 2.0 
NPK briquette 71 I 50.4 27.8 13.6 2.0 
I 
Rock phosphate I 
briquette 77 I 49.0 26.8 13.8 2.0 
Rock phosphate 75 I 43.3 25.9 13.4 1.8 i 
Difference for significance at 
I 
5% point 
I 12.3 3.4 0.4 
• Trea tments consisted of six replicates. 
The data presented in table 5 show that phosphorus was 
most limiting with superphosphate more effective than rock 
phosphate. Briquetted fertilizers were readily available. Little 
if any direct nitrogen response was obtained. Treatment dif-
ferences were greater in 1939 than in 1942. 
Plot II, also planted to black locust, occupied a lower slope 
with a west aspect. The slope varied from 10 to 18 percent 
and the area was similar in soil and degree of erosion to plot 1. 
TABLE 6. RESPONSE OF FIELD PLANTED BLACK LOCUST TO 
FERTILIZER TREAT~IENTS· ON LINDLEY SOIL. PLOT II. 
Growth of Total Diameter No. Total shoot 6''; above 
Treatment of growth·1939 longest height ground 
trees (Inches) shoot·1939 1942 1942 ( Inches) (feet) (inches) 
Control 
I 
66 32.2 20.1 11.2 1.8 
Phosphorus plus 
nitrogen 66 52.8 26.4 11.9 2.1 
I 
Phosphorus I 68 51.8 26.4 11.7 2.0 
I 
NPK briquette I 64 47.6 25.2 12.1 2.0 
I 
Rock phosphate I 
briquette I 66 
I 
43.6 23.9 11.7 2.0 
I 
Rock phosphate I 64 42.1 22.7 11.4 1.9 
I I 
Difference for significance at 5 % point 
I 8.4 3.6 0.1 
• Treatments consisted of four replicates. 
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The results (table 6) are almost identical with those obtained 
on plot I. The apparent decrease between the first and the 
fourth year, of differences associated with treatments, may be 
due to the growth of roots of control plot trees into fertilized 
spots, to the gradual enrichment of the soil due to rapid de-
composition of locust leaves, to the leaching or fixation of the 
fertilizers, or to the possibility that larger trees have lower 
nutrient requirements and are more capable of supplying their 
own needs because of internal storage and reutilization. 
Plot III was on a lower slope of 15 to 20 percent. The 
aspect was southeast, and the area was planted to green ash. 
The east third of the plot was not seriously eroded and sup-
ported a stand of bluegrass (Poa, sp.) and timothy (Phleum, 
sp.) at planting time. The B horizon was exposed on the west 
one-half of the plot, which was thinly covered with a variety 
of small weeds. Good, graded planting stock, 8 to 14 inches 
high, was planted on a 6 x 6 foot spacing. The data in table 7 
show that green ash, as contrasted to black locust, did not 
respond to phosphorus. Growth responses were apparently 
chiefly due to nitrogen and did not last through the fourth 
growing season. . 
Plot IV, planted to red oak, was on the southeast aspect 
of an upper slope averaging 5 to 7 percent. The area, only 
slightly eroded, was covered with a good stand of bluegrass. 
Two-O planting stock, 8 to 11 inches high, was planted on a 
6 x 6 foot spacing. The data (table 8) show no significant 
treatment responses in 1939. In 1942 small responses to phos-
phorus were shown. 
TABLE 7. RESPONSE OF FIELD PLANTED GREEN ASH TO 
FERTILIZER TREAT:\~ENTS· ON LINDLEY SOIL. 
Treatment 
Control 
Phosphorus plus 
nitrogen 
Phosphorus 
NPK briquette 
Rock phosphate 
briquette 
Rock phosphate 
No. 
of 
trees 
89 
89 
81 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
88 I 
89 I 
I I 
Total shoot 
growth-I939 (inches) 
11.1 
17.4 
11.6 
17.7 
10.9 
12.0 
Difference for Significance at 5% point 
I 
I 3.6 
• Treatments consisted of six replicates. 
Growth of Total 
longest height 
shoot-1939 1942 (Inches) (Inches) 
8.9 47 
11.9 46 
9.4 41 
11.4 47 
8.9 43 
8.9 40 
1.6 
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TABLE 8. RESPO~SE OF FIELD PLANTED RED OAK TO FERTILIZER 
TREAT~IE:-.I'l'S· ON LI:-.IDLEY SOIL. 
I 
:-.10. Total shoot Total height 
Treatment of growth·1939 1942 
trees (inches) (inches) 
Control \ 76 2.7 17.8 
Phosphorus plus J I 
nitrogen I 70 2.8 18.1 
I 
Phosphorus I 69 2.7 19.~ 
I 
NPK briquette I 66 3.0 16.6 
Rock phosphate I briquette 70 2.8 21.2 
I 
Rock phosphate I 89 3.0 22.0 
Difference for slgnl~cance at 5 % point 0.5 3.6 
• Treatments consisted of six replicates. 
DISCUSSION OF RESULTS FROM LINDLEY SOIL 
The Band C horizons of Lindley are principally clays, but 
occasionally contain considerable sand; they are usually acid 
in reaction and are well saturated with calcium and other 
bases. They are relatively low in nitrogen and dilute-acid-
soluble phosphorus. The surface soils are acid and ordinarily 
contain 2000 pounds or more total nitrogen per acre. 
Data previously reported (29, 30) and summarized above, 
show that high acidity was not an important direct or indirect 
cause of poor seedling growth. Calcium and other bases were 
apparently adequate. 
Both nitrogen and phosphorus apparently were important 
factors limiting seedling growth on Band C horizon materials. 
Nitrogen was more severely limiting than phosphorus in most 
circumstances. Once the initial deficiency of nitrogen was 
overcome further marked growth increase was associated 
with phosphorus. In the greenhouse under winter conditions 
phosphorus apparently was needed as an initial stimulator. 
The data show important species differences. Green ash 
(29) was more tolerant of soil alkalinity associated with cal-
cium carbonate than black locust. Black locust differed from 
the other species in that its growth response was associated 
almost entirely with phosphorus, a situation presumably as-
sociated with nitrogen fixation in this species. Among the 
four species, green ash was least responsive to phosphorus, 
possibly because of the greater fibrousness of its root system. 
(See fig. 8.) There was some evidence that P in rock phos-
phate was not readily available to black locust, American elm 
and possibly green ash. It should be noted that red oak on 
this soil possessed mycorrhizae. 
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The experiments do not give a clearcut picture of the long 
term value of applying fertilizer to tree plantings on eroded 
Lindley. On newly exposed Band C horizon materials 1-0 
seedlings responded significantly to nitrogen and phosphorus. 
The field experiments, however, were not conclusive and not 
comparable to the box and greenhouse experiments. It is 
doubtful, however, if application of fertilizers to uncrowded 
trees on average old-field sites would be of practical signifi-
cance, excepting on newly and severely eroded spots. Long 
term field fertilizer responses could be expected to be smaller 
than first year seedling responses in greenhouse or nursery 
because of: (1) the gradual enrichment of planted old-field 
soils with organic matter, (2) slow tree growth due to peri-
odic deficiencies of moisture or to. inherent factors, and (3) 
storage and reutilization of nutrients in the vascular tissues 
of trees. 
An effect of environmental factors on responses to fertil-
izer can be seen by comparing growth of American elm and 
green ash during winter months in the greenhouse (compare 
figs. 1 and 2) with the same species on identical soil outdoors. 
In the greenhouse no nitrogen response was obtained without 
an initial phosphorus application, while outdoors both species 
responded significantly to nitrogen without phosphorus. This 
differential response might be explained on the assumption 
that under winter greenhouse conditions of low light and high 
humidity the carbohydrate supply is used almost entirely in 
the tops; root growth and activity is therefore restricted, and 
phosphorus is not absorbed in amounts sufficient to maintain 
normal growth. If such an explanation is plausible such fac-
tors as inherent growth rate, degree of illumination, and the 
concentration of CO2 , O2 and other substances affecting root 
respiration may play important roles in determining the type 
of fertilizer response obtained. 
EXPERIMENTS WITH CLARION SOIL 
The Clarion soils have developed under prairie vegetation 
from late Wisconsin (Mankato) glacial till on slopes of be-
tween 2 and 12 percent. The surface soils are slightly acid, 
but free lime occurs in the substrata at depths varying from 
25 to 55 inches. Red oak, green ash and American elm were 
grown to determine to what extent nitrogen, phosphorus and 
potassium were limiting to seedling growth on the calcareous 
C horizon, to compare growth on fertilized C and unfertilized 
A horizons, and to evaluate the importance of other limiting 
factors probably associated with the calcium carbonates of the 
C horizon. 
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E:li.l'ERIMENTS Il'l BOXES 
These experiments were carried on in cypress boxes at the 
State Forest Nursery with full sunlight and with uniform 
moisture. The C horizon soil material was a yellowish sandy-
clay of pH 8.1, with a calcium carbonate equivalent of 14 per-
cent. It contained on a per acre basis 30 pounds dilute-acid-
soluble phosphorus, 420 pounds exchangeable potassium and 
670 pounds total nitrogen. The Ai horizon material was a 
dark brown loam of pH 6.6 and contained per acre 28 pounds 
dilute-acid-soluble phosphorus, 454 pounds exchangeable po-
tassium and 4400 pounds total nitrogen. 
During 1939 growth of green ash and red oak were com-
pared on unfertilized C and A horizons. In 1940, fertilizers 
were added to new C horizon soil and ash, oak and American 
elm planted in C horizon and surface soil. The 1940 fertilizer 
treatments were: (1) control, (2) phosphorus as monocalcium 
phosphate at 88 pounds P per acre, (3) phosphorus as for 2 
plus ammonium nitrate at 60 pounds N, and (4) nitrogen as 
for 3. All the above treatments including the control received 
potassium sulfate equivalent to 112 pounds K per acre. A 
fifth treatment of Nand P equal to treatment 3 but minus K 
was included to test for possible potassium deficiencies on 
this high lime soil. The A horizon was not treated. The 
experiment contained four replicates. 
RESULTS 
. Tables 9, 10, 11 and 12 contain results which are illustrated 
in figs. 4 and 5. A marked stunting of all species growing in 
Clarion C horizon occurred; green ash was stunted less than 
the other species. All species were chlorotic, red oak par-
TABLE 9. AVERAGE· HEIG'HT AND GREEN AND DRY WEIGHT PER 
BOX OF 1-0 GREEN ASH AND RED OAK ON UNTREATED 
CLARIO!'l' SOIL, 1939. 
I 
Total 
I 
Green Dry weight Soil and (grams) Species horizon height weight (Inches) (grams) Top Root Total 
Green 
I 
I 
ash Clarion A 34.1 I 52.8 5.3 16.2 21.5 
I 
Clarion C 32.5 I 29.7 2.6 9.1 11.7 
Red oak Clarion A 26.4 I 72.2 6.4 29.5 35.9 
I 
Clarion C I 18.4 I 27.8 2.9 10.0 12.9 
Difference for significance at 5 % poInt, green ash 7.2 
Difference for significance at 5% point, red oak 7.4 
• Averages for ash consisted of five plants, for oak four plants. 
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FIg. 4. One-year-old seedHngs of red oak (above), green ash (center) and 
AmerIcan elm (below) on Clarion C horIzon soli , 1940. Left to rIght: K, PK, 
NPK, NK and NP. 
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ticularly so. Trees receiving nitrogen were slightly less 
chlorotic than those not receiving nitrogen. 
In the 1940 experiments green ash and American elm re-
sponded significantly to nitrogen and phosphorus. Red oak 
did not respond. All treated subsoils were inferior to the sur-
face soil as growth media., Nitrogen appeared more limiting 
than phosphorus but some phosphorus response was obtained. 
Contrasting growth of all species on Clarion and Lindley soils, 
it is evident that some factor other than deficiency of nitro-
gen, phosphorus or potassium was limiting growth. The 
TABLE 10. AVERAGE HEIGHT AND GREEN AND DRY WEIGHT PER 
BOX· OF 1-0 GREEN ASH ON CLARION C HORIZON SOIL 
TREATED WITH DIFFERENT FERTILIZERS, 1940. 
Total Green Dry Dry weight weight (grams) Treatment height weight leaves (Inches) (grams) ,(grams) Top Root Total 
K 24.4 22.1 2.1 2.3 5.2 7.5 
PK 21.3 15.1 1.9 1.8 4.1 5.9 
NPK 28.6 31.8 4.1 4.2 9.1 13.3 
NK 29.1 26.8 3.5 4.2 7.6 11.8 
NP 30.0 26.9 2.8 4.1 7.7 11.8 
At Horizon 29.8 43.5 4.9 5.1 10.3 15.4 
Difference for significance at 5% point 4.4 
Difference for Significance at 1 % point 6.1 
• Each box contained three plants. 
TABLE 11. AVERAGE HEIGHT GROWTH AND G'REEN AND DRY 
WEIGHT PER BOX. OF 1-0 RED OAK ON CLARION C HORIZON 
SOIL TREATED WITH DIFFERENT FERTILIZERS, 1940. 
Total Green Dry Dry weight weight (grams) Treatment height weight leaves (inches) (grams) (grams) Top Root Total 
K 14.2 30.0 4.3 1.8 12.3 14.1 
PK 13.1 22.7 3.3 1.5 9.8 11.3 
NPK 12.6 27.8 3.8 1.8 11.3 13.1 
NK 12.6 30.4 3.3 1.8 12.4 14.2 
NP 16.5 32.0 4.4 2.2 13.8 16.0 
At Horizon 19.6 44.3 6.S 2.5 15.7 18.2 
Difference for significance at 5% point 5.0 
Dirterence for signiftcance at 1 % point 7.0 
• Each hox contained three plants. 
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TABLE 12. AVERAGE HEIGHT A~D GREEN AND DRY WEIGHT PER 
BOX' OF 1-0 AMERICAN EL:\1 OX CLARION C HORIZON SOIL 
TREATED WITH DIFFERENT FERTILIZERS. 1940. 
Total Green 
Dry Dry weight 
weight (gram",) Treatment height weight leaves (inches) (grams) (gram",) Top I Root Total 
1 
K 18.4 7.8 1.5 0.6 1 1.6 2.2 
1 
PK 19.7 9.4 1.6 0.7 1 2.4 3.1 
1 
NPK 25.9 12.7 1:8 1.2 1 2.7 3.9 
1 
NK 26.0 10.9 2.0 4.0 1 2.7 3.7 
1 
NP 27.3 15.9 2.9 1.5 I. 4.0 5.5 
I 
A, Horizon 54.1 37.7 8.4 6.4 I 8.7 15.1 
Difference for significance at 5% point 1.4 
Difference for significance at 1 % point 2.0 
• Each box contained three plants. 
chlorotic appearance of the fertilized seedlings confirmed this 
view. 
OTHER EXPERIMENTS 
Poor growth and chlorosis on highly calcareous soils may 
be due to nitrogen, iron, manganese or magnesiumdeficien-
cies; to toxic concentrations of some ion; or to unavailability 
of an important nutrient caused by insolubility or ion antagon-
ism. Data in tables 10, 11 and 12 show that there was no 
serious calcium-potassium antagonism and that potassium was 
available for growth of all species with the possible exception 
of green ash. 
To test the hypothesis that poor growth in fertilized 
Clarion C horizon soil was due to phosphorus fixation and un-
availability, seedling leaves were analyzed for phosphorus.1 
The data are shown in table 13. 
Comparison of the amounts of phosphorus absorbed in th(;' 
TABLE 13. PHOSPHORUS' AS PERCENTAGE OF DRY 'WEIGHT IX 
LEAVES OF SEEDLINGS GHOWN O~ CLAnION C HORIZO~ SOIL. 
C horizon 
Species A, treatments horizon K PK NPK NK 
I 
Hed oak I 0.145 0.093 0.080 0.091 0.077 G'reen ash 1 0.162 0.277 0.437 0.248 
American elm .\ 0.270 0.265 0.297 0.169 
1 
1 Ground tissue Ignited with :\lg (No,),. and HNO,. residue taken in H.SO,. 
diluted and determined colorlmetrically as ammonium phosphomolyl>date. 
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NK and NPK treatments shows that green ash and American 
elm were capable of absorbing phosphorus added to this cal-
careous soil and that unavailability of this element probably 
was not contributing to poor growth of these species on the 
fertilized Clarion C horizon. With red oak, however, appli-
cation of phosphorus did not result in greatly increased ab-
sorption. Since a deficiency of phosphorus does not cause 
chlorosis, it seems that conditions associated with the severe 
chlorosis in this species were limiting absorption of phos-
phorus. N onchlorotic oak seedlings on noncalcareous Lindley 
and Tama subsoils readily absorbed phosphorus added to 
those soils. 
Chlorosis and poor growth on calcareous soils has been as-
sociated often with micronutrient deficiencies and iron has 
been most frequently limiting (8). Because high concentra-
tions of calcium carbonate decrease the solubility of iron and 
other micronutrients, seedlings grown on normal Clarion 
C horizon were compared with those grown on leached acid-
treated C horizon soil. Red oak seedlings on the acid-treated 
soil possessed slightly larger and greener leaves. The soil was 
treated with four normal sulfuric acid at the rate of 7.5 
liters per 15 kilograms of dry soil and then leached for 6 
weeks. The treated soil had a pH of 7.5 as compared to 8.1 
for the control. 
Leaves of red oak seedlings gTowing on untreated CI!lrion 
C soil in the greenhouse were sprayed on both sides at 3- to 
7-day intervals over a 3-week period for the purpose of al-
leviating and determining the cause of the chlorosis. The 
spray solutions used were (1) 1 percent ferrous sulfate, 
(2) one-tenth of 1 percent magnesium sulfate, and (3) com-
bination of manganese chloride (7 gram~), copper sulfate 
(1 gram), zinc sulfate (1 gram) and boric acid (11 grams) 
in 18 liters of water. None of these sprays proved effective. 
During the summer of 1940 the wick and tip plant in-
jection techniques reported by Roach (39) were tried on red 
oak grown on unacidified C horizon soil. Solutions tried in-
cluded (1) 1 percent ferrous sulfate (2) one-tenth of 1 per-
cent ferrous sulfate (3) five-hundreths of 1 percent ferric 
citrate, and (4) three-tenths of 1 percent magnesium sulfate. 
Most of the leaves developed necrotic spots within several 
days, and only one leaf treated with 1 percent ferrous sulfate 
showed a definite dark green band along both sides of a 
main vein. 
Spraying and injection experiments were discontinued for 
lack of suitable plants. The experiments were inconclusive, 
but the results obtained, plus the fact that the author has cor-
rected chlorosis of black locust on calcareous Webster soil by 
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means of a 1 percent ferrous sulfate spray, suggested iron 
deficiencies. 
DISCUSSION OF RESULTS FROM CLARION SOIL 
The salient points regarding hardwood seedling growth on 
Clarion C horizon are: (1) Growth of all species was more 
severely restricted on this soil than on the other soil sub-
strata. (2) All seedlings suffered from chlorosis which was 
not uniform among the three species. (3) Next to the factor 
causing chlorosis, nitrogen was most limiting for growth. (4) 
Results with phosphorus and potassium are inconclusive, but 
lack of phosphorus appeared to limit growth only slightly 
after nitrogen was applied, and additional potassium appar-
ently restricted growth of oak and elm. 
Fig. 5. Comparison of root systems and plant 
development of red oak (above) and green ash 
(below) on surface and subsoil of Clarion and 
Lindley soils, 1939. Left to right: Clarion A 
horizon sol!, calcareous Clarion C horizon, Lind· 
ley A horizon and acid Lindley B horizon. 
Chlorosis was most 
severe with red oak 
and least severe with 
green ash, indicating 
the-greater tolerance 
of green ash for cal-
careous soils. Red oak 
was so severely chlo-
rotic that no conclu-
sive nitrogen or phos-
p h 0 r u s responses 
were obtained and 
this species appear-
ed unable to absorb 
phosphorus added to 
the soil as a fertil-
izer. The develop-
ment of lateral roots 
of red oak (fig. 5) 
was markedly sup-
pressed and inability 
of this species to ab-
sorb phosphorus may 
have been due to 
small root surface 
area, low rate of root 
metabolism, or both. 
The fact that the 
solution of iron in 
h i g h I y calcareous 
soils is depressed, 
along with 0 the r 
indications obtained, 
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Fig. 6. One-year-old seedlings of red oak (nhove), green ash (center) and 
American elm (helow) on 'l'ama C horizon soil, 1940. Left to right: l{, Pl{, 
NPl{ and NK. 
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suggests that seedling chlorosis was due to unavailability of 
soil iron to the plant or to fixation of iron in the tissues (40). 
EXPERIMENTS WITH TAMA SOIL 
The Tama soils have developed under prairie vegetation 
on loess-covered slopes with gradients of 2 to 15 percent. In 
these experiments green ash, red oak and American elm were 
grown on the fertilized C horizon and unfertilized C and Al 
horizons. The C horizon material was a well drained and 
oxidized yellowish-brown silty clay of pH 6.9. It contained 
per acre 600 pounds total nitrogen, 238 pounds dilute-acid-
soluble phosphorus and 537 pounds exchangeable potassium., 
The At horizon material was a silt loam of pH 5.3 containing' 
per acre 4550 pounds total nitrogen, 28 pounds dilute-acid-
soluble phosphorus and 585 pounds exchangeable potassium. 
Treatments were control (K), PK, NPK and NK. Compo-
sition of fertilizers, rate of application, materials, methods and 
replications, were identical with the 1940 box experiments 
with Lindley and Clarion soil. Growth responses on fertilized 
C and unfertilized A horizons were compared. 
RESULTS 
The data contained in tables 14, 15 and 16 and illustrated 
in fig. 6, show large and highly significant treatment re-
sponses. The responses were chiefly to nitrogen. Phosphorus 
was not deficient, and with the exception of green ash, de-
pressed growth. The high phosphorus and the low nitrogen 
C(lntent of this loess explain the absence of a phosphorus re-
TABLE 14. AVERAGE HEIGHT A:-ID GREEN A:-ID DRY WEIGHT PEn 
BOX' OF 1-0 GREE:-I ASH ON TA:\[A C HORIZON SOIL 
TnEAT}<jD WITH DIFl~EHENT FERTILIZERS, 1940. 
Total Green Dr~' Dry Weight weight (grams) Treatment he I I\'ht weight leavc~ ( inches) (gor.lIns) ( gr"ms) Top Root Total 
K 21.1 10.9 1.3 1.6 2.4 4.0 
PK 22,4 11.3 1.5 20 2.8 4.8 
NPK 37.1 40.1 6.7 8.3 13.0 21.8 
NK 33.S 37.2 6.6 6.6 11.5 18.1 
Al HoriZon 29.0 46.0 4.9 5.0 10.9 15.9 
Difference for significance at 50/0 point 3.7 
Difference for significance at 1% point 5.3 
• Each box contained three plants. 
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TABLE 15. AVERAGE HEIGHT AND GREEN AND DRY WEIGHT PER 
BOX· OF 1·0 RED OAK ON TA;\1A C HORIZON SOIL TREATED 
WITH DIFFERENT FERTILIZERS, 1940. 
Total Green Dry Dry weight weig-ht (grams) Treatment height weight leaves (inches) (grams) (grams) Top Root Total 
·K 13.8 32.1 4.6 2.4 13.1 15.5 
PK 16.2 28.7 4.5 2.5 10.4 12.9 
NPK 23.6 52.9 8.0 5.7 18.7 24.4 
NK 24.1 57.8 8.7 4.9 21.1 26.0 
A, Horizon 20.7. 44.2 5.6 2.8 13.1 15.9 
Difference for significance at 5 % point 6.5 
Difference for significance at 1 % point 9.4 
• Each box contained three plants. 
TABLE 16. AVERAGE HEIGHT AND GREEN AND DRY WEIGHT PER 
BOX· OF 1·0 A:\IERICAN ELM ON TAMA C HORIZON SOIL 
TREA'l'ED WITH DIFFERENT FERTILIZERS. 1940. 
Total Green Dry Dry weight weight (grams) Treatment height weight leaves (inches) (grams) (grams) Top Root Total 
K 12.4 4.2 0.9 0.3 1.1 1.4 
PK 16.4 6.6 1.4 0.5 1.6 2.1 
NPK 35.8 23.3 5.0 3.2 5.7 89 
NK 45.6 24.5 6.9 4.6 6.6 11.2 
A, Horizon 41.8 27.5 4.4 2.6 5.6 8.2 
DIfference for significance at 5 % point 3.3 
Difference for signIficance at 1 % point 4.8 
• Each uox contained three plants. 
sponse and the magnitude of the nitrogen response. The Lind-
ley soil which gave much smaller N responses contained more 
than twice as much total nitrogen as Tama soil. The smaller 
response of red oak, compared with ash or elm, is probably 
related to the larger seed of red oak with its greater nutrient 
and food supply, thus making the seedlings less dependent on 
soil nutrients. In every instance the fertilized C horizon pro-
duced larger plants than the unfertilized Al horizon, a fact 
pointing to A horizon deficiencies. 
EXPERIMENTS WITH O'NEILL SOIL 
The O'Neill soils are high terrace or second bottomland 
soils formed from glacial alluvium. The Iowa State Forest 
Nursery at Ames is located on O'Neill soil and previous work 
(28) had shown that seedling conifers would not grow there 
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without either phosphorus fertilization or inoculation with 
mycorrhizal fungi. The present experiments dealt with the 
growth responses of hardwood seedlings to nitrogen, phos-
phorus and potassium, and to changes in soil structure and 
texture brought about by additions of peat and sand. Experi-
ments were of two kinds, (1) those carried out in cypress 
boxes at the nursery with a sandy loam soil, and (2) those 
in nursery beds with a loam soil. . 
EXPERIMENTS IN BOXES 
Box experiments were conducted during 1938-39. The 
soil material used was a brown sandy loam and probably repre-
sented the mixed eroded A and upper B horizons. This soil 
had a pH of 6.0 and contained per acre 1900 pounds total 
nitrogen, 37 pounds dilute-acid-soluble phosphorus, 1600 
pounds exchangeable calcium and 510 pounds exchangeable 
potassium. The nitrogen and phosphorus treatments are out-
lined in table 17. A separate potassium experiment was set 
up. Phosphorus was applied as monocalcium phosphate, po-
tassium as the sulfate, and nitrogen as ammonium sulfate 
in 1938 and ammonium nitrate in 1939. During 1939 the 
boxes planted in 1938 were refertilized with the full amount of 
nitrogen and one-half the amount of phosphorus used in 1938. 
Red oak and green ash were the species used. The 1938 ex-
periments ran 2 years, the 1939 experiments 1 year only. In 
1939 all boxes were mulched with sphagnum moss to reduce 
evaporation. The 1938 experiments were replicated four times; 
the 1939 experiments three times. 
TABLE 17. QUANTITIES OF NITROGEN AND PHOSPHORUS, COllPUTED 
AS POUNDS OF ELEl'IlENTAL NAND P PER ACRE, APPLIED 
IN THE FERTILIZER EXPERDIENTS ON O'NEILL SOIL.· 
Treatment 
level 
o 
1 
2 
3 
4 
1938-39 (2-0) 1939 0-0) 
Ash 
I 
Oak Ash or oak 
N P N-P N P 
Series I Series Series Series I Series 
1 
NIP 1 
I I 
o I 76 I 
30 1 76 I 
60 \ 76 \ 
PIN :1 N 
o 1 120 1 0 
1 "I 
19 1 120 1 30 
1 1 
38 I 120 1 120 ! 1 1 I 120 1 76 1 76 1 120 1 120 
1 I 1 1 
1 240 1 76 I 152 1 120 I 
I 1 I I 
I 1 I 
PINIPIPI N 
o I 0 I 88 0 I 120 
76 I 30 1 88 22 I 120 
76 \ 60! 88 44 \ 120 
I 1 
19 1 120 1 88 88 I 120 
1 I I 
i I I 
• Potassium, as potassium sulfate, was added to all experiments at the rate 
of 194 pounds K per acre. All calculations are on a soli volume basis. 
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Fig. i. Seedlings from nitrogen experiments with O'Neill soil. Above 
and center are red oak and green ash, 1939. Left to right: N·O, N·30, N·60 
and N-120. Below is red oak in nitrogen·phosphorus series, InS·39. Left to 
right: control, N·30 and P·76, N-120 and P-76, anel N·120 and P·19. 
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EXPEHJME~TS WITH NITROGEN 
Results from the Nand N-P series of experiments are con-
tained in tables 18, 19, 20 and 21. Two-year-old green ash 
(table 18) responded to nitrogen; the maximum response 
occurred at the GO-pound N level. Most of the growth re-
sponse occurred in 1939 as evidenced by the 20 percent height 
increase in 1938 as contrasted to a 147 percent increase in 
1939. One-year-old green ash (table 19) did not respond 
significantly to nitrogen in 1939; these results checked with 
the small first year response of the 2-year-old ash. 
TABLE 18. AVERAGE HEIGHT AND GREE:>I' AND DRY WEIGHT PER 
BOX OF 2-0 GREE:>I' AST-l ON O'NEILL SOIL AT DIFFERENT 
NITROGEN LEVELS, 1938-39,* 
Nitrogen Ixo' ~f\ Height growth 1 Green 1 Dry weight level repll- (inches) weight (grams) 
c'ltes 1V18 19.39 Total (grams) TOl) Root Total 
:>1'-0 5 32.4 17.8 50 2 135.1 14.7 44.4 59.1 
N-30 5 39.2 36.3 75.5 170.7 23.0 52.9 75.9 
-"'-60 5 35.8 42.3 7S.1 18S.6 26.9 60.7 87.6 
N-120 5 31.8 42.2 74.0 165.7 25.3 49.9 75.2 
-"'-240 5 28.9 40.0 68 9 180.8 26.2 53.1 79.3 
Difference for slgnificanee at 5 % point 
12.1 12.4 
Difference for significance at 1 % pOint 
16.5 16.~ 
* All boxes received P at the rate of 76 Ibs. and K at the rate of 194 Ibs. 
per acre. Each box contained four plants. 
TABLE 19. AVERAGE HEIGHT AND GREE:>I' AND DRY WEIGHT PER 
BOX OF 1-0 GREEN ASH ON O'NEILL SOIL AT DIFFERENT 
NITROGEN LEVELS, 1939.· 
I No. ~f 1 Total Green Dry well!'ht Nitrogen (grams) level reph- height weight 
cates (inches) (grams) Top Root Total 
N-O 36.0 H6 4.'; 14.3 18.8 
-"'-30 37.6 46.6 4.6 14.4 19 0 
-"'-60 35.1 47.1 4.0 13.S 17.8 
X-HO 37.3 63.3 6.0 20 4 26.9 
Difference for significance at 5 % point 10.4 
• ,\11 boxes received P nnd K at till' l"lte" of 88 and 194 lh~. !ler acre, re-
"llf'ctively. Each box contained llve plants. 
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TABLE 20. A VERAGE HEIGHT AND GREEN AND DRY WEIGHTS PER 
ROX OF 2-0 RED OAK ON O'NEILL SOIL AT DIFFERENT 
LEVELS OF NITROGEN AND PHOSPHORUS, 1938-39.' 
Treatment INO. Ofl Height "rowth \ Green I Dry weight level repl!- (inch.es) weight (grams) 
cates 1938 1939 Total (grams) Top Root I Total 
I I I I I N-O, P-O I 5 I 16.3 15.7 32.0 I 87.2 7.1 37.3 44.4 
I I I I I 
N-30, P·76 I 5 I 23.8 20.3 44.0 I 104.7 I 10.4 44.7 I 55.1 
I I I I I N-120, P-76 I 5 I 21.5 18.2 39.7 I 124.0 11.4 54.1 65.5 
I I I I I 
N-120, P-19 I 5 I 32.1 19.9 52.1 I 150.7 I 16.0 64.9 I 80.9 
Difference for significance at 5% point H.4 
Difference for significance at 1 % point 26.7 
• All boxes received 194 lbs. K per acre. 
The data for red oak in the N-P series (table 20) show 
highly significant treatment differences. The results were 
erratic because of mice and winter injury during the winter 
1938-39. The major response was evidently due to nitrogen, 
and the higher level of phosphorus appeared to result in un-
balanced nutrition. Growth responses of 1-year-old red oak 
(table 21) to nitrogen were small and of doubtful significanl!e. 
Considering all the data, nitrogen was not seriously limit-
ing in this soil which contained 1900 pounds of total nitrogen 
per acre. The fact that at the end of the second year signifi-
cant growth responses were obtained with both ash and oak, 
while none was obtained the first year, may be explained by 
the reduction of nitrogen in the controls through leaching and 
TABLE 21. AVERAGE HEIGHT AND GREEN AND DRY WEIGHT PER 
BOX OF 1-0 RED OAK ON O'NEILL SOIL AT DIFFERENT 
NITROGEN LEVELS, 1939." 
Nitrogen \ No. of I Total Green Dry wei",ht (grams) level repl!- height weight 
cates (Inches) (grams) Top Root Total 
I I 
N-O I I 26.0 64.7 5.4 27.0 32.4 
I I 
N-30 I I 29.2 76.2 5.3 33.1 384 
I I 
N-60 I I 25.7 69.7 5.5 31.6 37.1 
I I 
N-120 I 4 I 28.5 81.5 7.5 34.7 42.2 
Difference for Significance at 599 point 
5.3 5.3 8.7 
Difference for Significance at 1 % point 
7.5 7.5 12.3 
"All boxes received P and K at the rates of 88 lbs. and 194 lbs. per acre, 
respectively. Each box contained four plants. 
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Fig. 8. Root systems of green ash (left) and red oak (right) grown on 
O'Neill sandy loam. 
use, and by the crowding and intense competition among the 
larger 2-year-old plants. 
F..XPERIME~TS WITH PHOSPHORUS 
Data from the phosphorus series are contained in tables 22, 
23 and 24. Two-year-old green ash (table 22) responded 
slightly to phosphorus through the first level of P, beyond 
which growth response decreased with increasing phosphorus. 
One-year-old ash (table 23) did not respond, and there was no 
evidence of unbalanced nutrition at the higher levels of phos-
phorus. 
In contrast to green ash, l-year-old red oak (table 24) 
showed a striking, highly significant response to phosphorus 
at all levels. Height increases were not marked, but dry 
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Fig. O. Seedlings from phosphorus experiments with O'Neill soiL Above 
and center are 1·0 red oak and gre,' n ash, InS. Left to right: p·O. P.22. 
P·44 and P·SS. Below is 2·0 green ash. Left to right: P·O, P·19, P·38, P-7G 
and P·152. 
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TABLE 22. AVERAGE HEIGHT AND GREEN AND DRY WEIGHT PER 
BOX OF 2·0 GREEN ASH ON O'NEILL SOIL AT DIFFERENT 
PHOSPHORUS LEVELS, 1938·39.* 
PhoSPhorus!:-<o. ~f! Height growth I Grecn I Dry weight level reph· (inches) weight (grams) 
cates 1938 1939 Total (grams) Top Root I Total 
I I I I 
I 
p·O I 5 39.2 43.4 82.6 
I 
184.5 25.7 52.1 
\ 
77.8 
P·19 I I 43.5 45.4 88.9 210.0 I 30.5 62.1 I 92.6 I P·3S 5 
I 
43.8 48.3 92.1 I 199.7 I 30.1 58.9 I 89.0 
I I I I 
P·76 I 39.5 46.3 85.8 I 198.0 I 30.7 56.5 I 87.2 
\ 
I I I 
P-152 28.9 40.0 68.9 I 180.8 I 26.2 53.1 I 79.3 
Difference for significance Itt 5 % point 
10.1 13.1 
• All hoxes received Nand K at the rates of 120 and 194 l)Qunds per acre, 
respectively. Each box contained four plants. 
TABLE 23. AVERAGE HEIGHT AND GHEEN AND DRY WEIGHT PER 
BOX OF 1·0 GREEN ASH ON O'NEILL SOIL AT DIFFERENT 
PHOSPHORUS LEVELS, 1939.· 
I No. of I Total Green I Dry weight Phosphorus (grams) level rellli· height. weight 
cates (Inches) (grams) Top 'Root Total 
I I I 
p·O I I 38.4 59.3 I 6.2 19.8 26.0 I I P·22 4 I 40.7 61.7 I 6.4 21.3 27.7 
I I I 
P·44 I I 37.2 59.3 I 5.4 19.0 24.4 I I I 
p·SS I I 37.3 63.3 I 6.0 20.4 26.4 
Difference for Hignlficance at 5 % point 6.6 
• All boxes received Nand K at tIle rates of 120 and 194 I)ounds per acre. 
respectively. Each box contained five plants. 
weight increases were large. Significantly, most of the weight 
increase was in the root (150 percent) as contrasted to a 50 
perce.nt increase in top weight. 
Excepting the root system response of red oak, the evi-
dence i.ndicates that phosphorus was not seriously limiting 
seedling growth on this O'Neill soil. At levels of P acove 75 
pounds per acre, there was some indication of unbalanced 
nutrition. The root response of red oak, compared to green 
ash, indicates an important species difference. 
EXPElIIMENTS WITH POTASSIUi\r 
Table 25 contains data from an experiment set up to 
investigate possible potassium deficiencies. The results, il-
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'l'ABLE 24. AVERAGE HEIGHT AND GREEN AND DRY WEIGHT PER 
BOX 01<' 1·0 RED OAK ON O'NEILL SOIL AT DIFFERENT 
PHOSPHORUS LEVELS, 1939.· 
I No. qf I Total Green 
Dry weight 
Phosphorus (grams) 
level repll- height· weight 
cates (inches) (grams) Top Root Total 
I I p-o 
·1 
4 I 26.5 39.7 5.1 13.9 19.0 
I 
P·22 I 25.6 57.5 5.6 23.9 29.5 
I I 
P-44 I 4 ) I 27.0 64.5 6.0 26.7 32.7 
I I 
P-88 I 4 I 28.5 81.5 7.5 34.7 42.2 
Difference for significance at 5% point 
6.5 8.3 10.1 
Difference for significance at 1 % point 
9.1 11.6 14.1 
• All boxes received Nand K at the rates of 120 and 194 pounds per acre, 
respectively. Each box contained four plants. 
lustrated in fig. 10, show no K deficiency for ash. The level 
of potassium used resulted in slightly retarded growth which 
may have been due to high solute levels of the potassium salt 
or to potassium antagonism resulting in lowered absorption 
of calcium or other ions (14, 49). 
NUnSEHY BED EXPEHIMENTS 
These experiments were conducted during 1940-41 in 4-
foot nursery beds at the State Forest Nursery. The soil was 
O'Neill loam. American elm was grown from seed in rows 15 
inches apart, 12 plants per row-foot. Individual treatment 
plots were 4 x 4 feet and each treatment consisted of three 
replicates. Treatments were randomized in blocks. 
TABLE 25. AVERAGE HEIGHT AND GREEN AND DRY WEIGHT PER 
BOX OF 2-0 GREEN ASH ON O'NEILL SOIL WITH AND 
WITHOUT POTASSIUM, 1938-39.· 
INo.ofl 
Height growth 
I Green I 
Dry weight 
Treat- (Inches) (grams) 
ment repll- weight 
cates 1938 1939 Total (grams) Top Root Total 
I I I I 
Control I 5 I 37.4 20.6 58.0 I 154.7 I 14.9 47.6 62." 
I I I I K 
1 
5 I 33.0 17.8 50.8 151.4 I 15.1 44.2 59.3 I I 
NP 5 I 39.9 42.7 82.6 I 186.0 I 27.6 54.9 82.5 
I I I I NPK 5 I 30.8 42.2 74.0 I 165.7 I 25.3 49.9 75.2 I I I 
• Potassium, nitrogen and phosphorus were applied at the rates of 194, 120 
and 76 pounds per acre, respectively. Each box contained four plants. 
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Fig. 10. Two·O s e edlings of green ash from potassium experiment on 
O'Neill soil, 193 8-39. Left to right: control, K, ~p and NPK. 
The purpose of the first experiment was to investigate 
seedling responses to nitrogen, phosphorus and potassium; the 
second, to investigate the effects of altering soil structure, 
texture and fertility by addition of sand, peat and fertilizers. 
The two experiments were separate although all plants were 
grown in one 400-foot nursery bed. 
The fertilizer treatments and rates of application are 
shown in table 26. Phosphorus was applied as 20 percent 
superphosphate. In the second experiment texture and struc-
ture were modified through the addition of: (1) washed river 
sand at the rate of one-third of the soil volume to a 9-inch 
depth, (2) neutral peat at the rate of 1 bushel per plot mixed 
to a depth of 9 inches, and (3) neutral peat at the rate of 2 
bushels per plot. For each plot receiving structural treat-
ment, an identical plot received structural treatment plus com-
plete fertilizer as shown in table 27. In each experiment there 
were six treatments and a control. 
After the second growing season the beds were undercut 
at a depth of 12 inches with a Killefer tree lifter. Seedlings 
were further loosened and lifted with a spade. Because of 
border effects only seedlings in the two center rows were 
measured. Twenty such trees were systematically selected 
from each plot and measured for height and dry weight. 
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TABLE 26. AVERAGE" DRY WEIGHT AND HEIGHT OF 2·0 A:\IERlCAN 
ELM SEEDLINGS ON O'NEILL SOIL TREATED WITH 
DIFFERENT FERTILIZERS, 1940·41. 
Treatment 
Control 
Superphosphate 500 lbs. 
Superphosphate .............................. 1000 lbs. 
Superphosphate .............................. 1500 lbs. 
Superphosphate· .............................. 1000 Ibs, 
Ammonium sulfate ........................ 150 Ibs. 
Superphosphate .............................. 1000 lbs. 
Ammonium sulfate ........................ 300 lbs, 
Superphosphate .............................. 1000 lbs. 
Ammonium sulfate ........................ 150 Ibs. 
Potassium sulfate .......................... 300 Ibs. 
Difference for significance at 5% point 
Drv weight 
(grams) 
15.5 
17.2 
20.6 
16.5 
21.7 
21.2 
23.6 
Height 
(inches) 
18.8 
18.8 
20.1 
18.0 
22.8 
22.7 
23.8 
2.9 
" Averages represent 60 plants from three replicates. Rates of fertilizer ap· 
plications are pounds per acre. 
RESULTS 
Treatme~t differences in the straight fertilizer experiment 
(table 26) were small, although statistically significant. Some 
response was evidently obtained with each of the three major 
nutrients; the major response was with nitrogen. Treatment 
differences from the combined structure and fertilizer experi-
TABLE 27. AVERAGE· DRY WEIGHT AND HEIGHT OF 2·0 A:\IERICAN 
ELl! ON O'NEILL SOIL GIVEN STRUCTURAL llODIFICATION 
AND FERTILIZER TREATMENT,·· 1940·41. 
Treatment Dry weight Height (grams) (Inches) 
I 
Control ................................................ 1 23.6 20.4 
29.8 20.9 
29.7 22.6 
I 
:::: : ~ .. ·~·;~ .. ·::::::::::::::::::::::::::::::I 
31.0 22.3 
33.4 21.1 
Peat -1 bushel .............................. 1 
Peat - 2 bUShels ............................ 1 
Peat - 1 bushel + NPK .............. i 33.9 26.4 
I 
Peat - 2 bushels + NPK .............. 1 45.0 28.9 
Difference for significance at 5% point 
10.1 3.1 
• Averages represent 60 plants from three replicates . 
•• All fertilized plots received on a per acre basis 1000 lbs. 20 percent super. 
, phosphate, 150 Ibs. ammonium sulfate and 300 Ibs. potassium sulfate. 
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ment (table 27) were greater. The greatest response was 
obtained with peat plus complete fertilizer. 
Comparing the two experiments, NPK alone increased dry 
weight 52 percent and height 26 percent, while peat plus NPK 
resulted in increases of 91 and 42 percent, respectively. The 
addition of peat evidently permitted fuller utilization of the 
fertilizer growth potentials. Increased yields and the better 
type of seedling nursery stock on plots treated with both peat 
and fertilizers would justify the use of organic matter and 
fertilizers on this nursery soil. 
DISCUSSION OF RESULTS FROM O'NEILL SOIL 
The data for this soil indicate no serious deficiency of 
nitrogen, phosphorus or potassium. The significant response 
of 2-year-old green ash and red oak to nitrogen may be attri-
buted more to the leaching and use of nitrogen in the con-
trols and to the growing of large plants in a small volume of 
soil than to important soil nitrogen deficiencies where growing 
space is adequate. Nurserymen commonly obtain full growth 
in outside rows of seedlings in beds when plants in interior 
rows are stunted and yellow. In evaluating seedling responses 
to growth factors such as nitrogen, the density and size of 
plants in relation to soil volume should be considered. 
Phosphorus responses, with the exception of 1-0 red oak 
where a significant increase in root weight occurred, were 
very small. Oak differed from green ash in this respect. 
Red oaks on the A and B horizons of Lindley soil possessed 
mycorrhizae while none was observed on oak on O'Neill soil. 
The fact that mycorrhizal red oak on Lindley surface soil grew 
better than nonmychorrhizal seedlings on Clarion and Tama 
soils, and the fact that good growth of conifers on O'Neill 
(28) soil depended upon a mycorrhizal-phosphorus relation-
ship suggests that red oak may be somewhat similar to the 
conifers and be dependent upon mycorrhizal fungi for best 
growth. 
DISCUSSION 
Table 28 contains a comparison of the nitrogen responses 
of three hardwood species, grown in four soils under com-
parable outdoor conditions, in relation to the residual total 
nitrogen content of these soils. Excepting Clarion soil, where 
growth was severely reduced due to chlorosis, nitrogen re-
sponse is observed to decrease as total nitrogen supply in-
crease.s. The results from the field experiments on Lindley 
soil, where total soil nitrogen probably averaged between 1500 
and 2000 pounds per acre, corroborate the above relationship 
in that after 1 and 4 years' growth, black locust and oak 
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TABLE 28. PERCENTAGE INCREASE IN TOTAL DRY WEIGHT 
OF HARDWOOD SEEDLINGS RESULTING FROM APPLI-
CATION OF NITROGEN TO SEVERAL SOILS 
IN CYPRESS BOXES OUTDOORS.' 
1-0 I Total I 1-0 \ 1-0 Soil and nitrogen Green ash Red oak American elm_ 
horizon (lbs'; 
acre) NK NPK NK I NPK NK I NPK 
I 
I I I 
Tama C 600 I 352 445 I 67 I 57 691 I 533 I I 
Clarion C 670, I 57 78 I 1 -7 71 I 79 
Lindley B I 1570 I 33 51 I 44 I 86 57 I 
119 
O'Neill'· A+B I 1900 I 5 I 30 I 5t I 
• Percentage values computed from base values of plants grown in soils to 
which potassium had been added . 
.. Responses on O'Neill were entirely to nitrogen. 
t Value for 2-0 American elm In nursery beds. Soil nitrogen content prob-
ably somewhat greater than for box experiments_ 
showed no nitrogen responses, and green ash, while showing 
a first year response of 27 percent, did not respond after 4 
years. The fact that 2-year-old green ash and red oak on 
O'Neill soil showed larger dry weight responses of 48 and 47 
percent, respectively, can be explained on the basis of lowered 
nitrogen supply in control boxes due to leaching and to use by 
first year seedling and to crowding of. the larger 2-year-old 
seedlings. All these results indicate that seedlings of red oak, 
green ash, American elm and black locust, under fairly opti-
mum outdoor conditions, will not respond to 'nitrogen where the 
total soil nitrogen supply is greater than about 2000 pounds 
per acre. Since the box experiments on Lindley, Clarion and 
Tama soils show that growth on the untreated A horizons 
was never markedly inferior, and was sometimes superior to 
growth on nitrogen-treated C horizons, and since the A ho-
rizons of most forest soils of Iowa contain 1800 to 2500 pounds 
of total nitrogen per acre and the prairie soils double or treble 
this quantity, it is doubtful if significant tree seedling height 
and dry weight responses would follow nitrogen fertilization 
of the principal uneroded soils of this state. 
A comparison of the phosphorus responses of first year 
seedlings is given in table 29. These data are erratic and 
phosphorus responses where obtained were generally small 
and often of doubtful importance. On Lindley soil the phos-
phorus responses were real. On Clarion soil, where chlorosis 
occurred, growth increases or decreases more likely were as-
sociated with shifts in nutritional balance resulting from 
addition of fertilizer salts, than with phosphorus. The large 
red oak response on O'Neill was almost entirely a root re-
sponse. The real phosphorus response of black locust in the 
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TABLE 29. PERCENTAGE INCREASE OR DECREASE IN DRY WEIGHT 
OF HARDWOOD SEEDLINGS RESULTING' FROM PHOSPHORUS 
FERTILIZATION OF SEVERAL SOILS IN BOXES OUTDOORS. 
Soli and 
horizons 
Lindley B 
Clarion C· 
O'Neill A+B 
Tama C 
\ DI;~1~bi::d- \ Gre!~O ash \ Rea-Ooak I Am~-~lm phosphorus NPK -100 NPK -100 NPK -100 (lbs./acre) NK NK NK 
I 10 I +14 I +29 I +~2 
I 30 I +13 I - 7 I + 5 
I 37 I 0 I +120 I +32--I 238 I +20 I - 6 I -21 
• Highly calcareous soli, plants chlorotic and growth suppressed . 
.. Values for 2-0 American elm In nursery beds. 
field experiments and the absence of a nitrogen response point 
to an important species difference. The reaction of black 
locust to phosphorus may be associated with nodule-forming 
bacteria in this species and be related to root respiration and 
metabolism. Fixation factors affecting the solubility and 
availability of phosphorus may explain the lack of uniformity 
of response to this nutrient on the different soils. The phos-
phorus contents of normal mature healthy leaves of seedling 
ash, oak and elm grown on the A horizons of three soils are 
shown in table 30. 
The evidence from O'Neill soil shows that potassium was 
not deficient, and the relatively large quantities of exchange-
able potassium and other cations in the majority of Iowa 
soils suggest that under most conditions potassium would be 
adequate for growth. On calcareous Clarion subsoil there was 
no evidence of calcium-potassium antagonism, but potassium 
might be found limiting on highly alkaline surface soils con-
taining much organic matter tending to prevent chlorosis, and 
on very sandy soils low in potassium-bearing minerals. 
Considering the data presented for green ash and Ameri-
can elm, nitrogen was the initial and most important limiting 
factor. Yet with the two reported greenhouse experiments 
(29, 30), ash and elm did not respond to nitrogen until an 
TABLE 30. PERCENTAGE OF PHOSPHORUS IN DRY LEAVES. 
Soil and Species 
horizon Red oak Green ash American elm 
Lindley A 0.149 0.199 0.220 
Clarion A 0.145 0.162 0.270 
Tama A 0.139 0.197 0.200 
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initial phosphorus deficiency was supplied. In addition the 
magnitude of greenhouse responses was much greater than 
with outdoor experiments. Since the soil used in the two sets 
of experiments was identical, it is evident that greenhouse 
experiments will not necessarily yield accurate information 
regarding order and degree of response to limiting soil fac-
tors. That phosphorus was the initial limiting factor in the 
greenhouse suggests that growth factors were not favorable 
to root activity. Since the greenhouse experiments were con-
ducted during the winter months with higher humidity than 
obtained outdoors during summer, and with lower light in-
tensity, part of which was furnished with mazda lamps, shoot 
growth was rapid and activity of roots, including ability to 
absorb phosphorus, may have been reduced because of low 
carbohydrate supply and other factors associated with shorter 
days and lower light intensity. 
Plant responses .to fertilizers applied in field experiments 
were very small. This was in marked contrast to some of the 
box experiments. Reasons for the lack of field response are 
evident. The natural fertility of the field soils averaged higher 
than the soil used in boxes. Environmental conditions were 
better controlled in the box experiments, and water was con-
stantly supplied. Transplants were used for field experiments 
while seedlings were grown in the boxes. Field growth is 
often limited by drouth, plant dormancy, especially in species 
with determinate growth, and fluctuation in degree of availa-
bility of growth factors principally through competition. The 
conclusion reached is that under average conditions in eroded 
old fields in Iowa, fertilizer responses with transplant and 
seedling stock will be small and of little practical significance 
for most hardwood species. An exception could be made for 
large gullies and severely galled spots where nothing of the 
surface soil layers remain. Phosphorus fertilization of black 
locust planted in raw gullies also is indicated if the quickest 
cover and root penetration is desired. 
A comparison (table 31) of the three species of tree seed-
lings, grown in boxes on the A horizons of Lindley, Tama and 
Clarion soils, shows growth differences that do not appear to 
be correlated with common measures of soil fertility. Both 
red oak and green ash grew appreciably better on the forest 
Lindley soil than on either prairie Clarion or Tama. American 
elm, however, grew best on Clarion and poorest on Tama. In-
asmuch as all three soils were of good structure and well 
aerated, and since the Clarion and Tama soils contained slight-
ly more nitrogen, phosphorus and potassium than Lindley, the 
growth differences are probably due to other factors. Evi-
dence for a suggestion that these differences may relate to the 
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TABLE 31. COMPARISON OF THE DEVELOP:\lENT OF RED OAK, 
GREEN ASH AND AMERICAN ELM OX 'I'HE UNTREATED 
A, HORIZONS OF TWO PRAIRIE SOILS AND ONE 
FOREST SOIL IN RELATION TO SEVERAL SOIL 
FERTILITY MEASURE:\iEN'.rS. 
Soil 
Measurements Clarion Lindley Tama 
(prairie) (forest) (prairie) 
I 44.2 54.7 44.2 I Red oak· 
Total green I 43.5 51p 46.0 weight Green ash 
(grams) I 27.5 I Am. elm 37.7 33.0 
I 
I I 6.9 • Red oak I 6.5 10.2 
Av; height Green aSh: 9.9 11.4 9.7 (mches) I I 
15.6 13.9 I Am. elm I 18.0 
I I 
I Red oak I 2.6 3.5 1.9 
Dry welJ'"ht I 
leaves I Green ash 4.9 5.6 4.9 (grams) I I Am. elm 8.4 7.1 4.4 
Soil pH 6.6 6.2 5.3 
Total nitrogen in soil 
(11m/acre) 4430 4100 4550 
Dilute acld-solubJe-
phosphorus In soil 
(Ibs/acre) 28 20 28 
Exchangeahle potassium 
in soil 
(lus./acre) 454 384 585 
• Red Oak possessed many mycorr-hlzae when grown on Lindh'~' :-.;oil, 
,vhen gro,vn on Clarion, and u. fe'\v when grown un Tarna ~oi1. 
none 
soil organic matter and microbiology is found in the great 
abundance of mycorrhizae on red oak in forest Lindley soil and 
their complete absence in prairie Clarion, and to the greater 
reactivity of the organic fraction of forest as compared with 
closely associated prairie soils (35). Further evidence is the 
red oak root response to phosphorus, suggesting root metabo-
lism difficulties that in conifers can be corrected through 
formation of mycorrhizae and, at least in part, by phosphorus 
fertilization (27, 28). White (52) has shown that American 
elm and green ash grew better on a forest Miami soil than on 
prairie Carrington. Albrecht (1) suggests that differences in 
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base balance may be important. The importance of organic 
matter in improving soil and promoting better growth is 
shown by the data on American elm in tables 26 and 27. 
Species differences are made evident by comparing seed-
ling reactions to the different treatments and soils. Red oak 
and black locust were intolerant to soil alkalinity associated 
with excess calcium carbonate. Both species were severely 
stunted at pH values of 7.8 to 8.1 and leaves were chlorotic. 
Chlorotic red oaks on the alkaline Clarion C horizon were not 
appreciably stimulated by nitrogen, phosphorus or potassium 
and were unable to increase absorption of phosphorus follow-
ing fertilization. On the same soil green ash and American 
elm, which were less chlorotic, responded to nitrogen fertil-
ization, and were able to absorb additional phosphorus added 
as fertilizer. Apparently there is a connection between degree 
of chlorosis, growth activity, and ability to absorb phosphorus. 
Green ash was fairly tolerant to excess calcium carbonate, and 
American elm occupied an intermediate position. Red oak was 
the only one of four species with ectotrophic mycorrhizal roots. 
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